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where they are processed or degraded (Katzmann etPtdIns(3,5)P2 Finds a Partner
al., 2002; Raiborg et al., 2003). Although not required
for the formation of MVB vesicles per se, PtdIns(3,5)P2
plays a key role in the sorting of some proteins into
Phosphatidylinositol-3,5-bisphosphate (PtdIns(3,5)P2) these vesicles. Yeast mutants defective in the Fab1 ki-
is required for the sorting of a subset of membrane nase, which converts phosphatidylinositol-3-phosphate
proteins at the late endosome. Unlike other phospho- (PtdIns(3)P) to PtdIns(3,5)P2, fail to deliver MVB vesicle
inositides, binding partners for PtdIns(3,5)P2 and its cargo proteins from the biosynthetic pathway into the
mechanism of action have not been characterized. vacuole lumen (Odorizzi et al., 1998).
New work by Friant et al. (2003) in this issue of Develop- Proteins that bind to PtdIns(3,5)P2 and regulate MVB
mental Cell describes the identification of a yeast ep- trafficking have been elusive, but now Friant et al. pro-
sin-like protein that binds PtdIns(3,5)P2 and functions vide an exciting breakthrough (Friant et al., 2003). These
in the transport of proteins through late endosomes authors identified a yeast epsin-like protein, Ent3, as a
to the lysosome-like vacuole. PtdIns(3,5)P2 binding protein that is required for trans-
port of cargo from the trans-Golgi network (TGN) to the
Phosphoinositides (PtdIns’s), phosphorylated deriva- vacuole. Ent3 and its close homolog, Ent5, are two of
tives of the membrane lipid phosphatidylinositol, are five yeast proteins that carry an ENTH (epsin N-terminal
crucial regulators of many basic cell biological pro-
homology) domain (De Camilli et al., 2002). Earlier this
cesses. The importance of PtdIns’s as signaling mole-
year, Ent3 and Ent5 emerged in a yeast two-hybrid
cules is particularly evident in the regulation of mem-
screen for proteins that bind to a clathrin adaptor com-
brane trafficking, where multiple kinases that synthesize
plex (AP1) and to the GGA monomeric clathrin adaptors.distinct PtdIns’s are required for efficient protein trans-
Gene deletion experiments revealed that Ent3 and Ent5port. Different versions of PtdIns’s have specific cellular
have redundant functions in clathrin localization to intra-locations, where they recruit proteins carrying modular
cellular membranes and for the transport of proteinsdomains that interact with the phosphorylated inositol
from the Golgi to endosomes (Duncan et al., 2003).head group.
Conventional epsins were originally identified as pro-PtdIns(3,5)P2 is thought to be concentrated at endo-
teins that bind to Eps15, a component of the plasmasomes and the lysosome, and is important for the sorting
membrane endocytic machinery. Epsins also bindof a subset of membrane proteins late in the endocytic
clathrin and are required at the internalization step ofpathway (Cooke, 2002; Katzmann et al., 2002). Mem-
endocytosis, where they bind phosphatidylinositol-4,5-brane proteins traveling through the biosynthetic and
bisphosphate (PtdIns(4,5)P2) through their ENTH do-endocytic pathways arrive at a late endosomal compart-
main. They act as accessory proteins that function atment known as the multivesicular endosome or body
the initial step of vesicle formation to recruit clathrin-(MVE/MVB). The MVB forms when portions of the late
based coats, and may link cargo proteins to the clathrin-endosome membrane invaginate and pinch off into the
based internalization machinery (Wendland, 2002). Fri-lumen to form intralumenal vesicles. Fusion of the MVB
ant and coworkers happened upon the epsin-like Ent3 inwith the lysosome results in delivery of MVB vesicle
lipids and proteins into the interior of the lysosome, a screen for new mutants that missort newly synthesized
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proteins destined for the vacuole. Like conventional ep- Ent3 domain, does not bind PtdIns(4,5)P2. Instead, ep-
sinR binds PtdIns(4)P, PtdIns(3)P, PtdIns(3,4)P2, andsins, Ent3 carries an ENTH domain and binds clathrin,
but Ent3 differs in that it does not have a known cargo PtdIns(3,5)P2, with a marked preference for PtdIns(4)P.
(The ability of Ent3 to bind PtdIns(4)P has not beenbinding domain nor does it function at the plasma mem-
brane. Also, Ent3 and its ENTH domain bind carefully analyzed.)
PtdIns(3,5)P2 is thought to be located primarily at thePtdIns(3,5)P2 rather than PtdIns(4,5)P2. PtdIns(3,5)P2 and
the Ent3 ENTH domain are required for the association MVB and the vacuole/lysosome, suggesting that an
of Ent3 with the high-speed membrane pellet of a yeast Ent3-PtdIns(3,5)P2 interaction occurs at these locations.
cell lysate containing Golgi, endosomes, and vesicles. However, smaller pockets of PtdIns(3,5)P2 may be pres-
A point mutation in the Ent3 ENTH domain that disrupts ent on subdomains of the TGN, where MVB cargo might
this membrane association causes a defect in sorting be concentrated into specific membrane subdomains.
of MVB cargo (Friant et al., 2003). ent3 mutant cells and fab1 mutant cells defective in
These data lead to two important conclusions. First, PtdIns(3,5)P2 synthesis share only a subset of pheno-
this study demonstrates a role for an epsin-like protein types, suggesting that Ent3 and PtdIns(3,5)P2 each also
in the sorting of proteins through the MVB. Earlier stud- have tasks in addition to a common function.
ies of the conventional epsin ENTH-ligand crystal struc- PtdIns(3,5)P2 has found a partner. This advance opens
ture provided evidence that the ENTH domain inserts the gate to defining the molecular function of the Ent3-
into the lipid bilayer upon binding. In addition, conven- PtdIns(3,5)P2 relationship and its role in regulating the
tional epsins can induce tubulation of membranes in movement of proteins through a crucial sorting step in
vitro, suggesting that epsins may physically alter the membrane transport pathways.
membrane to induce curvature that facilitates vesicle
formation (Ford et al., 2002; Hurley and Wendland, 2002).
Linda HickeEnt3, however, is unlikely to act directly to promote the
Department of Biochemistry, Molecular Biology,budding of vesicles into the MVB. The topology of this
and Cell Biologyevent is opposite that of epsin-driven endocytic vesicle
Northwestern Universitybudding, and ESCRT protein complexes, not clathrin,
Evanston, Illinois 60208drive formation of MVB vesicles (Katzmann et al., 2002;
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iting MVB membrane cargo transport, ent3 mutants are
defective in the transport of soluble proteins that do not Cooke, F.T. (2002). Arch. Biochem. Biophys. 407, 143–151.
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that occurs prior to arrival at the MVB. Alternatively, Duncan, M.C., Costaguta, G., and Payne, G.S. (2003). Nat. Cell Biol.
5, 77–81.Ent3 may recycle proteins from the vacuole that are
necessary for efficient MVB cargo sorting. In mammalian Ford, M.G., Mills, I.G., Peter, B.J., Vallis, Y., Praefcke, G.J., Evans,
P.R., and McMahon, H.T. (2002). Nature 419, 361–366.cells, a homolog of Ent3 is likely to be the recently identi-
fied epsinR/enthoprotin/CLINT, an epsin-like protein Friant, S., Pe´cheur, E.-I., Eugster, A., Michel, F., Lefkir, Y., Nourris-
son, D., and Letourneur, F. (2003). Dev. Cell 5, this issue, 499–511.that binds AP1 and GGA and is localized to the TGN
Hurley, J.H., and Wendland, B. (2002). Cell 111, 143–146.and perhaps endosomes.
A second important contribution of the manuscript is Katzmann, D.J., Odorizzi, G., and Emr, S.D. (2002). Nat. Rev. Mol.
Cell. Biol. 3, 893–905.the identification of the Ent3 ENTH domain as a long-
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can live for several months, and they move and behave inShaping and Stretching Life
ways specialized for dispersal (Riddle and Albert, 1997).by Autophagy Exposure to food stimulates resumption of development
to the adult. Morphogenesis of the dauer stage involves
extensive tissue remodeling of sensory organs, intes-
tine, and hypodermis (Albert and Riddle, 1983).
In a recent study published in Science, Melendez et al. Mutations that reduce insulin-like signaling result in
(2003) demonstrate that genes required for autophagy constitutive formation of dauer larvae, even in an envi-
act downstream of insulin-like signaling, and are in- ronment favoring growth. The first genetic link between
volved in the expression of major life history traits, dauer formation and adult life span was made by Kenyon
including dauer larva development and adult life span. et al. (1993), who observed that mutants with partial loss
of function of the DAF-2 insulin/IGF receptor (Kimura et
al., 1997) exhibited a doubled adult life span. TheseThe C. elegans dauer diapause stage is formed in stress-
mutant adults appear to stay younger longer.ful environments, and it is specialized for long-term sur-
vival and dispersal. Dauer larvae do not feed, yet they The molecular pathways that mediate the cellular
